Cys + COSft Stability Under Ligation Oifiltions 



1. In the absence of a thioester peptide 
H-CGFRVREFGDNTA-COSH MVV=1 487.6 

6M GU'HCL. 0.1M NaPi. 0.5% thiophenol, room temperature, overnight 



thiophenol 
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^2939.3 (Intenmolecular reaction?) 
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FIG. 2A 



2. in the presence of a thioester peptide 

H-CGFRVREFGD^^TA.COSH MW=1487.8 + W-DSVISLSGDH-SP/^L MW= 1230.2 
MW of Ligation product = 2498.7 

6M GU*HCL, 0.1M NaPi, 0.5% thiophenol, room temperature, overnight 

-*-2497.7 



thiophenol 
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FIG. 2B 



MSC Removal Experiments 



MSOCTSAGPHFNPLSRKHG-OH MW=1 859.1 
HCTSAGPHFNPLSRKHG-OH MW=1708.9 

Aliquot of peptide in 6U Gu«HCI, 0.1 M 
NaPi, pH 7.5 was diluted into IN NaOH for 
two minutes, quenched with 1N HCI 



1708.2 



1814.5 (+106.3) 




No Hydrazine 



FIG. 3A 



50mM Hydrazine 



FIG. 3B 
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200inM Hydrazine 
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MSG Removal Experiments (Cont'd) 



LevWVfSC>LTEGLHGFHVHEFGDhfrAGCTSAGPHFNPLSRKHG-COSH 

MW=4022.4 

H-LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG-COSH 

MW=3745.1 

Aliquot of peptide in 6M Gu-HCI. 0.1 M NaAc. pH 4.6 was diluted 
into 6M Gu-HCl. 0.1 M NaAc. pH 14 for two minutes, quenched wit 
6M Gu-HCI. 0.1 M NaAc. pH 2.0 



3747.9 




FIG. 4 
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Resin Preparation 



PEG^NH2 




N(r-Boc)2 



N(f-Boc)2 



2 ^^.NH(Boc) 
^- H02C^0 ^ 




0 



Peptide 




PEG. 



NO2 ^ 



Peptide 



Expected cleavage' 



Observed cleavage 



FIG. 5A 



Resin Preparation 



Resm)-NH2 



NH-PG 




H x-N. H 



<^]- ^fandle| >Peptide 




H 



HO2C— ^^^^^NH- 



= cleavable linker used for monitoring with Maldi. 
Electrospray Mass Spec, etc... 



PG - protectitig group 

HO^cH <^ * fimctionai group added to resin to couple with peptide 



<CV-lHandle|-Peptide = peptide functionalized with 1) a cleavable handle for 

^ * release of peptide/protein from the resin at completion 

of synthesis and 2) functional group to couple to resin 



FIG. 5B 
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Derivatization of Segment 1 
(N-terminal) 



Boc-LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG-CO50^ 



I. -Boc 
2. 

Boc-HN' 



Boc-HN 




■ " O^ONp 



1. -Boc 
2. 



0 



0 




OH 




0 LTE- HG'COSCiM] 



HF Cleavage 



0 LTE KG'COSH 



FIG. 6 



P6ly/»er-Supported Ligation on ftG\ 



Lev-MSC-LTEGLHGFHVHEFGDhfrAGCTSAGPHFNPLSRKHG-COSH(l) 

+ Resin-PCL-0NH2 

i 1. pH 4.6. 6M Gu'HCI, 0.1 acetate 
Res/rvPCL^x/me^WSC^LTEGWGFHVHEFGDNTTAGCTSA^^^ (D 



Peptide solution as added to resin 



iV 




Supernatant after reaction overnight 
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Po^mer-Supported Ligation on iSto 



LeV'MSC -LTEGLHGFHVHEFGDr^AGCTSAGPHFNPLSRKHG-COSH (1) 

+ Resin.PCL.0NH2 

i 1. pH 4.6. 6M Gu'HCI. 0.1 acetate 
Res/n.PCL.ox/rr^SC>LTEGmGFH^A^EFGD^^■AG^^^ 0) 



Peptide solution as added to resin 



1"^^ FIG. 8A 



Supernatant atter reaction overnight 




FIG. 8B 



PoljnT€r-Supported Ligation ot^ ls<^0 

Lev-MSC -LTEGLr .oFHVHEFGDlsrTAGCTSAGPHFNPLSRKHG-COSH (1 ) 

+ Resin-PCL-0NH2 

i 1. pH 4.6. 6M Gu'HCI. 0.1 acetate 

Res/rvPCZ.-ox/nre^SC.LTEGLHGFHVHEFGDhn'AGCTSAGPHFNPLSRKHG-^ (1 ) 
Maldi Mass = 4022. Base Cleavage Mass = 3745 



3745 
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16.0 



7490 
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FIG, 9A 
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FIG. 9B 




FIG. 9C 



poiytker-Supported Ligation e^£co 

Res//vPCL-ox/me-MSC-ui EGLHGFH\/HEFGD^^^AGCTSAGPHFNPLSRKHG-COS^c (1) 
Maldi Mass = 4080, Base Cleavage Mass = 3729 

+ H-CGFRVREFGDNTA- COSH (2) 

i 3. pH 7.5, 6M Gu«HCI. 0.1 M phosphate, 0.5% thiophenol 

/?es/>vPCL-ox/m6-MSC-LTEGlJHGFH\AHEFGDNrrAGCTSAGPHFNPLSRKHGCGFR\^ 
GDNTA-C0SH{1+2) 

Maldi Mass - 5476, Base Cleavage Mass - 5199 
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FIG. IC 




FIG. 10 
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Po(y/ner-Supported Ligation on. Is CO 



7434^ (1+2+3) 



(1+2) 
(1) 5181 
3730 




-5981 (1+3) 
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FIG. II 
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FIG- 12A 



1000 



1200 



1400 1600 



1800 2000 



7434 



Polymtf "(Supported Ligation on PE^A 
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FIG. 13 
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FIG* 14A 
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On Resin Purificatif^n 

Solution processing 




FIG. 15A 



FIG. 15B 



Polymer-supported processing 



Co i/pling of MIF 1-59 to ^^/icT Support 

0 

^N-^^^ NH2 



H 



Ketone-MSC handle-Met^-MIF 2-58-Leu^^-SAc-PAla-C02H 

#1 

'r 

JscJ>-- Oxime-MSC handle-Met^-MIF 2-58-Leu5^-SAc-P Ala-COjH 
Expected base cleavage mass = 627 1 

FIG. Ct^ 
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FIG. 18 D 
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FIG. 18C 
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• Ligation to form MlFl^O 

Oxime-MSC handle-Met' -MIF Z-SS-Leu^^-SAc-fiAla-CO.H 



#2 



Cys^^^-MIF 61-79-Leu'°-COSH 



Oxime-MSC handle-Mei^-MIF 2-79-Leu*°-COSH 
Expected base cleavage mass = 8502 

FIG. 
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y FIG. 190 

'[COSH) 



I I I I I I I I I I I » I ' ' ' ' ' ' ' 



35.'0 



FIG. i<?6 



( Ligation to formMIF |4l 5 



Oxime-MSC handle-Met' -MIF 2-79-Leu3°.COSAc 

Cys^^-MIF 82-1 U-Ala' '^-COjH 

6M Gu'HCl. 0. 1 M Na Pi. 0.5% thiophcnol 

0.15 M Methionine, pH 7.5 

Oxime-MSC handle-Mei'-MIF 2-1 14.Ala' ^^-COjH 
Expected base cleavage mass = 12450 

FIG. 2tfA 




Solid Phase Chemical Ligations m the C- to N-terminal Direction 



CvsvArw f Handle! — P> + 




Cvs*AAA> ^ Handle 




(^)-Cysvrw^COSR 



(^)~Cvsvwv>Cvs*wvr|HandI&1 — hCResin] 

Remove PG 




Cvs^AAA/^Cvs^>vw iHandle I — 




vTcrv/vr Cys*'^'^'^ Cys'''>^v\/*Cys*Ay\A/» Cys*'^^^ Handle — ^> 



Resin. 



Cleave Handle 



yj\r\j\r Cy s *aaa/* Cy s ^aaat Cys >aa/\/» Cy s wvw* 

+ 

"Handle h -l^ 



Resin. 



SoUd Phase Chemical Ligations in the C- to N-Terami^Direction 
Synthesis of PhosphoUpase A2, Group 5 (PLA2G5) 



Cys«*-[PLA2G5(89-1 18)3-OCH2CO-Lys + HzNOCHzCONH^^sin^ 

O 

J 

Cys««-[PLA2G5(89-1 18)3-OCH2C(>L)^^^^^ j^^^j^^q^ 

. , , I Cys(ACM)^'-{PLA2G5(60-87)l-COSR 

Cys(ACM)5'-[PLA2G5(60-l 18)]-CK3i2CaL^^s^^^^_ j^O^HzCO^ 

I MercuTy(II)acetate 
Cys59.[PLA2G5(60-l 18)]-Oai2CO-L^|S^^^^ ^^^^^^^O^ 

I Cys(ACM)^-[PLA2G5(27-58)]-COSR 
Cys(ACM)^-IPLA2G5(27-l 18)]-OCH2CO-Lys^^^^ ^^^^^ 

I Mercury(II)acetate 
Cys^^[PLA2G5(27-l 18)3-Oai2CO-L^|S^^^^ 

I [PLA2G5(l-25)]-COSR 
[PLA2G5(1-1 18)].OCH2CO-L^^s^^^^ 

|o.25N NaOH 
[PLA2G5(l-118)]-OH 



Synthesis of Cam ester derivative 




Synthesis of C-terminal peptide segment 



BocHN^ XO->H 



+ H2N<Resin 



,NH-Fmoc 



i 



Boc-HN 



NH-CResiiL 



,NH-Fmoc 
0 R 



0 R 



H 0 



S^^^/v,^ NH-Fmoc 



H O 



R 



SPPS 



Boc-Cys*'vvA'^N ^ 

H O 



J! 

HN<Resin: 



NH-Fmoc 



1. 20%piperdine 

2. Levulinic acid 

3. HF cleavage 



Cys*AA/\/w» 



R O T ^ 



H 0 



Fta. 



O 



UiUiVersal Solid Phase Chemical L/gdtion 
(Bidirectional Ligations: C- to N-Terminal Ligations First) 



0NH2 + 



T 



1. 



Cys *'^AA/»Lys>AAA/*COS* 



O—N 



C 

X 

T 



a.BrCHjCOzH 



O—N 



C 

a: 

Cys ^AAAT Ly s %AAA/^C0S' 

2a. X>AAAArCOSR 
if X =AA other than Cys, 
go to 3 

ifX=PG-Cys, go to 2b 
2b. remove PG 
2c. repeat 2a 



0~N 



T 



s/\/\j\r\/\n Cys vTlo Ly s j\r\j\r COSR 



^AAA/>yrcr^Cysvrv^Lys^ruv^ 



4. Cys%A/vvw\rX' 
ifX' =:C02HorCONH2, 
go to 5 

if X'=COS\ repeat 3 and 4 



O—N 



c 

T 



5. NaOH I 

► */V\AA/>^CyS%A/^Lys»AAArCyS'/V\AAA/* 



^AA/v\Ar Cy s vA/* Ly s >A/vv* Cys *A/>/vv>^ 



O 



Where | Handle = 



0 



o. 



H 
I 




0 



MSC handle plus 
levulinic acid attached to ! 
side chain amine of a 
Lysine residue 



Universal Solid Phase Chemical Ligation 
(Bidirectional Ligations: N- to C-Terminal Ligations First) 



ONH2 + 



c 

r 



1. 



PG-Cys*AAA/»Lys%AAArCOSR 



u 
•3 

i 

T 



3. Remove PG 



O— N 



C 

a: 

T 

PG.Cys»AAArLys*AAA/»COSR 
2a. Cys^AAAAAA^X' 
if X* SCO2H or CONH2, go to 3 
ifX=COS;,goto2b 
2b. convert to COSR 
(BrCH2C02H),goto2c 
2c. repeat 2a 

ii 
=3 
c: 

cd 

ac 

T 



Cys.AAA/-Lys.AAA/^Cys.ArvwNr PG-Cys.AAArLys.AAA/^Cys.AAAAA/^ 



0— N 



4. X»AAAA/»COSR 

if X=AA other than Cys, 
go to 5 

if X=PG-Cys, repeat 3 and 4 



r 



5. NaOH 

^ *AAA/vr»y*CysvA/^Lys*AAA/»Cys»A/v>-rc^ 



sAAA/V>yr» Cys vAyT LyS%AAA/»CyS ^AAAAAT 



O o 

Where | Handle! — = ^'^^ ' 

O 



H 
I 



0^% 




MSC handle plus 
levulinic acid attached lo ^ 
side chain amine of a 
Lysine residue 



Synthesis of Modified Peptide Segment fuT Universal 
Solid Phase Chemical Ligation 

Starting with an appropriate resin (thioester or thioacid generating), synthesize the peptide using standard 
Boc protocols until the Lys residue of choice is reached. Couple a Boc-Lys(Fmoc)-OH, then continue the 
rest of the synthesis. 



Boc-Cys(PG)" 



1. -Boc 

2. Boc-HN^COjH 




3. -Boc 

w 4. Synthesis of rest of segment 



NH-Fmoc 



Boc-Cys(PG)->>^AAAAAAAA/^ 



Boc-Cys(PG) -xAAAAAAAAA/*^ 



B0C-Cys(PG) -V\AAAAAAA^ 



Cys(X) -^AAAAAAA/*^ 



where X= H if PG cleaves in HF and 
where X remains PG if PG is stable to HF 




NH-Fmoc 



1. -Fmoc (1-2 eq of DBU in DMF) 

2. Fmoc-HN^ ^O^ 

o 




NH-Fmoc 



1. -Fmoc (1-2 eq of DBU in DMF) 

2. Levulinic acid 





Y 

o 

1. -Boc 

2. HF deprotection and cleavage from 
the resin 




Synthesis of C5a by Solid Phase Chemical Ligations 
in the N- to C-Terminal Direction 



1 21 47 

TLQIOCIEEIAAKYKHSVViaCCCYIXSaiCVNEaa^^ 
WASQLRANISHKDMQLGR 

74 



C5a 1-74 8244 




Synthesis of C-terminal peptide segment 

Boc-HN CO2H ^ HjN<SE) 

S^^x\^ NH-Fmoc 

ol 

l^^^^^x^ NH-Fmoc 
I BrAcOH 
0 * 




O R 



I k.^,/^^ NH-Fmoc 
I SPPS^ 



. R O ^ 

Boc.Cys-v^|-^^>-^HNyi^j^^^ 

\^^,^^-^s^ NH-Fmoc 
1. 20% piperdine 
. 2. Levulinic acid 
Q t 3. HF cleavage 



o 



HO I H ^ 




Synthesis of a Random Sequence by Solid Phase 
Chemical Ligations in the C- to N-terminal Direction 

Using Fmoc Protection 

ALTKYGFYGCYGRLEEKGCADRKNIIA 

1 10 19 27 



Sequence 1-27 



JlJ 



3041 



Molecular Weight 
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3Ty 



Synthesis of a Random Sequence by Solid Phase 
Chemical Ligations in the C- to N-terminal Direction 

Using ACM Protection 



AI/rKYGFYGCYGRLEEKGaffiRKNIIA 

1 10- 19 27 



Sequence 1-27 



jj 



3040 



Molecular Weight 



I I 1 — 1 — I I I I — r— I — r-i — I < 1 . — I — III' — ''''»' 'rtL L. 

0.0 '31'=' 



Synthesis of Phospbolipase A2 Group 5 by 
Solid Phase Chemical L^ations 
in the C- to N-Terminal Direction 

^ 26 '59 

GIIJ)LKSMIEKVTGKNaLTNYGFYGCTCGWGGRfa"i' ^i y^ 

NIRTQSYECYPFAHGWrCEF6FFCHV2CjC3kCSIKL^^ 

88 118 

FLA2G5 88-118 

3774DI 



-I 



'^ligation 1 



Ligation! 



L 



i 



Ligation 3 



L 



/I 



FLA2G559-218 



FLA2GS26-118 

,1 



PLA2G5 1-118 



A. 



G 



' ' > » I I I I J P 
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B 



7145 Da 



10876 Da 



F 



13593 



Synthesis of Phospholipase A2 Group 5 by 
Solid Phase Chemical Ligations 
in the C- to N-Terminal Direction 

1 26 .59 

GLLDLKSMIEKVTGKNALTNYGFYGCYCGWGGEEUWPKTOT^^ 

NIRTQSYKYRFAWGWTCEPGPFCHVNLCAaBRKLVYCMaarJ^^ 

88 118 



Ligation 1 



^ Ligation 2 



L 



Ligation 3 



PLA2GS88-118 



PLA2G559-118 



PLA2G5 26-118 



JL 



PLA2G5 1-118 
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3774 Da 



7145 Da 



JL 



10876 Da 




13593 Da 



